Background: Guidelines to prevent and treat hypertension advocate the Dietary Approaches to Stop Hypertension (DASH) diet.
C
urrent guidelines on the prevention and treatment of hypertension prominently emphasize lifestyle modifications in addition to pharmacologic therapy. 1 In particular, the National High Blood Pressure Education Program and the American Heart Association have broadly recommended the Dietary Approaches to Stop Hypertension (DASH) diet, plus sodium reduction, to reduce high blood pressure (BP). 2, 3 The DASH diet emphasizes increased consumption of fruits, vegetables, and low-fat dairy products. It includes whole grains, poultry, fish and nuts and is reduced in fats, red meat, sweets, and sugar-containing beverages. In controlled feeding studies of people with more than optimal BP, the DASH diet for 2 months substantially lowered BP (systolic by 5.5 mm Hg) compared with a control diet low in micronutrients, 4 and when combined with sodium reduction lowered BP even further (systolic by 8.9 mm Hg). 5, 6 The DASH diet also beneficially lowered total and LDL cholesterol (Ϫ14 and Ϫ11 mg/dL, respectively), but it lowered HDL cholesterol (Ϫ4 mg/dL) as well. 7 To test the generalizability of the DASH diet findings, the PREMIER clinical trial tested behavioral interventions to encourage adoption of the DASH diet to lower above-optimal BP in outpatients. 8 The PREMIER intervention for 6 months was able to stimulate increases in fruit, vegetable, and dairy consumption, and thereby reduced BP (systolic by 4.3 mm Hg) among those randomized to follow DASH diet plus other established nonpharmacologic antihypertension guidelines versus advice-only controls. However, the systolic BP reduction was only 0.6 mm Hg less than in those following the established guidelines without the DASH diet. 9 A reduction in BP and LDL cholesterol in the DASH feeding studies is presumed to translate to lower cardiovascular disease incidence. To our knowledge, there have been no large longitudinal studies of whether adherence, complete or partial, to the DASH guidelines ultimately reduces occurrence of hypertension or cardiovascular events. Beneficial results from clinical trials sometimes do not translate to benefit at the population level because of different population characteristics or levels of dietary compliance. We therefore examined whether a diet with greater concordance with DASH guidelines is associated with reduced incidence of hypertension and mortality from cardiovascular disease in initially nonhypertensive participants in the Iowa Women's Health Study (IWHS).
Methods Study Population: IWHS Sample
In January 1986, an explanatory cover letter and questionnaire were mailed to 98,826 women, aged 55 to 69 years, randomly selected from the Iowa state driver's license list. 10 A total of 41,386 women completed the questionnaire, which included questions regarding diet, smoking habits, physical activity, weight, height, reproductive history, history of cardiovascular disease, hypertension, diabetes, and demographic information. Subsequently, women were resurveyed by mail in 1987 (91% response), 1989 (90%), 1992 (83%), and 1997 (79%), to obtain vital status and certain disease end points. As approved by the Institutional Review Boards of the University of Minnesota and University of Iowa, a returned questionnaire implied informed consent.
Data Collection
With the baseline questionnaire, a paper tape measure was enclosed for a friend to measure the participant's waist (umbilical level) and hips (maximum) so that waist/hip ratio could be derived. Reported body weight and height were used to calculate body mass index (in kilogram per meter squared). Participants were asked to report how often they took part in moderate and vigorous physical activities, and a physical activity index was derived.
11
Usual dietary and alcohol intake was assessed with a semiquantitative food frequency questionnaire used in the Nurses' Health Study. 12 Participants were asked their average consumption, during the past year, of 127 food items. Daily intakes of nutrients were calculated from the food frequency by multiplying the frequency of consumption of the specified unit of each food by the nutrient contents of that unit of food. The food frequency questionnaire used in the present study was found to account for 93% of total energy intake in a validation study with 194 female nurses. 12 In a validation study in the Iowa population, the energy-adjusted correlation between total fat, saturated fat, and carbohydrate intake estimates derived from the food frequency questionnaire compared with average of five 24-h dietary recalls were 0.62, 0.59, and 0.45, respectively. 13 The median correlation between energy-adjusted intake by the two methods was r ϭ 0.45 for all macronutrients and r ϭ 0.64 for micronutrients (including supplements).

Measurement of Degree of Concordance With the DASH Diet
Although indices to assess dietary concordance with the Dietary Guidelines for Americans 14 have been developed and evaluated, 15, 16 an index for the DASH diet has not been derived previously. Thus, using the general approach applied in developing other dietary indices, we constructed an index to measure the degree of concordance with the DASH low sodium diet, 2, 17 hereafter called the "DASH diet." The components of the index, outlined in Table 1 , were weighted and summed to calculate a single score to rank each participant according to dietary concordance. Wherever possible, quantitative criteria provided as part of the DASH diet were used in establishing cut points for scoring index items. More specifically, daily servings recommended for individuals needing 2000 calories a day were used in establishing cut-point criteria for food groups that could be estimated from our food frequency questionnaire. For example, the DASH diet guidelines recommend four to five daily servings of vegetables for those needing 2000 calories a day. Thus, a full point was assigned to those consuming four or more servings of vegetables daily, with a partial point (0.5) given to those with vegetable intake approaching the recommended level (2 to 3 servings/d) and no points (0) given to those consuming far less than the recommended level (fewer than 2 servings/d).
Reverse scoring was applied for food groups where less intake is recommended. For example, a full point was assigned to those consuming five or less servings of sweets per week, with a partial point (0.5) given to those consuming six to seven servings per week, and no points (0) given to those consuming eight or more servings of sweets per week. Serving size specifications for the index were matched to the DASH Diet plan (2) serving size recommendations to the extent possible. Due to the way in which the study food frequency questionnaire was designed, it was not possible to make the serving sizes equivalent for all foods (Table 2 ). For example, the food frequency questionnaire asked participants to report how frequently they drank orange juice, with "small glass" provided as the referent portion on the questionnaire. In contrast, the DASH eating plan specifies "1/2 cup" as the serving size for fruit juices. Nutrient intake estimates (percentage of calories from fat and percentage of calories from saturated fatty acids) were used to evaluate concordance with the fat-related components of the DASH diet because fats and oils are spread across various food groupings making this element of the diet difficult to account for in the scoring of individual food groupings. Furthermore, although the DASH diet emphasizes low-fat dairy and low-fat meats, it is difficult to classify individual dairy foods and meats as "low-fat" (eg, 2% milk could be considered either a lowfat or regular-fat dairy food). Estimated sodium intake (in milligrams per day) was used a criterion because the DASH diet guidelines include quantitative criteria for this nutrient. $A score was assigned for each dietary category and summed across the 11 categories to give the total DASH Diet index Score. † Total grains: cold breakfast cereals; cooked oatmeal; other cooked breakfast cereals; white bread including pita bread; dark bread; English muffins; muffins or biscuits; white rice; brown rice; pasta or noodles; pancakes or waffles; crackers; pizza; rice cakes *; grits*; other grains (bulgar, kasha, couscous, etc.); popcorn; bran added to foods; wheat germ; granola bars*; corn bread*.
‡ Whole grains: whole grain cold breakfast cereals; cooked oatmeal; dark bread; brown rice; other grains (bulgar, kasha, couscous, etc.); popcorn; bran added to foods; wheat germ; granola bars*; corn bread*.
§ Vegetables: tomatoes; tomato juice; tomato sauce; red chili sauce or salsa; string beans; broccoli; cabbage or cole slaw; cauliflower; Brussels sprouts carrots; corn; peas or lima beans; mixed vegetables; yellow (winter) squash; eggplant, zucchini, or other summer squash; yams or sweet potatoes; spinach cooked or raw; kale, mustard or chard greens; iceberg or head lettuce; romaine or leaf lettuce; celery; mushrooms fresh, cooked, or canned; beets; alfalfa sprouts; green or chili peppers; French fried potatoes; potatoes baked, boiled, or mashed; green bell peppers*: V8 juice*; asparagus*; carrot juice*; parsnips*; radishes*; rhubarb*; turnips*; dill cucumbers*; sweet cucumbers*; sauerkraut*; rutabaga*; tomato soup*; parsley*; peapods*; artichokes*; leeks*; okra*; chicory*; scallions*; water chestnuts*; endive*; escarole*; daikon root radish*; chili pepper*; oriental vegetables*; kohlrabi*; celery juice*; Jerusalem artichoke*, watercress*.
ʈ Fruits: raisins or grapes; prunes; bananas; cantaloupe melon; watermelon; fresh apples or pears; apple juice or cider; oranges; orange juice; grapefruit; grapefruit juice; strawberries fresh, frozen or canned; blueberries fresh, frozen or canned; peaches, apricots or plums fresh or canned; nectarines*; dried apricots*; dried peaches*; dried nectarines*; apricot juice*; pineapple fresh*; pineapple canned*; dried pineapple*; pineapple juice*; cherries canned*; cherries fresh*; dates*; figs*; fruit cocktail*; mixed dried fruit*; dried apples*; papayas*; dried papayas*; papaya juice*; kiwi fruit*; blackberries canned*; blackberries fresh*; quince*; limes*; dried currants*; currants fresh*; tangerines*; plantains*; guavas*; lemons*; Crenshaw melon*; pomegranate*; raspberries canned*; raspberries fresh*; mangos*; mango juice*; cranberry sauce*; persimmons; dried bananas*; prune juice*. ¶ Total dairy: skim or low-fat milk; whole milk; cream, for coffee or whipped; ice milk; ice cream; cottage or ricotta cheese; other cheese (eg, American, cheddar, plain, or as part of a dish); yogurt; cheese sauce*; cream sauce*; cream cheese*.
# Total meats: eggs; chicken or turkey with skin; chicken or turkey without skin; bacon; hotdogs; processed meats (eg, sausage, salami, bologna); liver; hamburger; beef, pork, or lamb as a sandwich or mixed dish; beef, pork, or lamb as a main dish; canned tuna fish; dark meat fish (eg, mackerel, salmon, sardines, bluefish, swordfish); other fish; shrimp, lobster, scallops as a main dish; venison*; oysters*. ** Nuts, seeds and dry beans: peanut butter; nuts; tofu; beans or lentils baked or dried; sunflower seeds*; lentil soup*; tempeh*; hummus*; mung beans*; fava beans*.
† † Sweets: chocolate bars or pieces; candy bars; candy without chocolate; cookies home baked; cookies ready made; brownies; doughnuts; cakes home baked; cakes ready made; sweet rolls, coffee cake or other pastry home baked; sweet rolls, coffee cake or other pastry ready made; pie homemade; pie ready made; jams, jellies, preserves, syrup or honey; sugar-sweetened caffeinated colas; sugar-sweetened caffeine-free colas; other sugar-sweetened carbonated drinks; Hawaiian punch, lemonade or other noncarbonated fruit drinks; custard*; jello*; tapioca*.
*Items not asked in the questionnaire s food list but added by participants who reported they ate the item.
The scoring system was based on the premise that each of the major DASH diet guidelines should contribute equally to the total index score. The maximum score for each component was 1, with a maximum total of 11, which would indicate total concordance with the DASH diet guidelines. A score of 0 would represent total nonconcordance.
End Points
Information on physician diagnoses of hypertension was collected by self-report in each follow-up mailed survey through 1997. The accuracy of self-report of hypertension was verified previously in a subsample of the IWHS cohort. 18 Physicians of 45 women who self-reported hypertension were contacted, and they verified the diagnosis in 72%. Physicians of 42 women who reported no hypertension verified that 100% were not hypertensive. Incident hypertension was defined as occurring at the midpoint between the questionnaire reporting hypertension and the preceding questionnaire reporting no hypertension. Person-years of follow-up for hypertension otherwise went until death, loss to follow-up, or December 31, 1997, whichever occurred first.
Deaths were found through the State Health Registry of Iowa, follow-up mail surveys, and for survey nonrespondents, through the National Death Index. Underlying causes of deaths were coded by state nosologists according to the International Classification of Diseases 9th or 10th revisions. Person-years of follow-up for mortality went until death or else December 31, 2002.
Statistical Analyses
To avoid bias related to pre-existing disease impacting diet, we excluded from all analyses women who, at baseline, self-reported a history of physician-diagnosed hypertension (n ϭ 15,390), heart attack (n ϭ 498), angina or other heart disease (n ϭ 1,234), or diabetes (n ϭ 887). In addition, we also excluded those with more than 29 blank items on the food frequency questionnaire or with unusual energy intake of Ͻ500 or Ն5000 kcal (n ϭ 1626) and those with missing covariates (n ϭ 1208). A total of 20,993 women at risk remained.
The DASH diet score was divided into five ascending categories on an ordinal scale. Means or prevalences of baseline characteristics were computed for each category. The associations of the DASH diet index with incidence rates of hypertension and mortality from cardiovascular disease were examined using Cox proportional hazards regression. Trends in hazard ratios across categories, designated by their median values, were tested by a 2 statistic. Analyses were performed with SAS version 8.2 (SAS Institute, Inc., Cary, NC). Table 1 shows that at baseline at least 30% of women met the DASH diet guidelines for whole grains, vegetables, dairy foods, and meats. However, less than 25% of women achieved the highest score for total grain, fruits, fats, or sodium. The mean (SD) energy intake estimated from the food frequency questionnaire was 1812 (608) kcal/d.
Results
No woman complied with all 11 DASH diet guidelines. The observed range of concordance score was from 0.5 to 10.0 (Table 3) . Women in the higher categories of the DASH score tended to have a lower mean body mass index (BMI), lower smoking prevalence, and higher levels of physical activity and multivitamin use. As expected, women in the higher versus lower DASH score categories also tended to have greater intake of healthful foods and nutrients. Unexpectedly, sodium and energy intakes increased modestly across DASH score categories.
During the follow-up period, 19% of women reported a new physician diagnosis of hypertension, 2% died from coronary heart disease, 1% died from stroke, and 4% died from all cardiovascular diseases. As shown in Table 4 , in the model adjusted for age and energy intake, incidence of hypertension was inversely associated with the degree of concordance with the DASH diet, with hazard ratios across categories of 1.0, 0.91, 0.95, 0.99, and 0.87 (P trend ϭ .02). There also were inverse, but not monotonic, associations between better DASH diet concordance and mortality from coronary heart disease, stroke, and all cardiovascular disease (CVD). However, after adjustment for other risk factors, there was little evidence that the incidence of hypertension, or mortality from coronary heart disease, stroke, or total CVD, was associated with the DASH diet score. Hazard ratios in model 2 (HR2) for all four end points were close to 1.0 for most categories of DASH diet score (Table 4) . We conducted several supplemental analyses. First, we divided the upper category of the DASH score and found no enhanced benefit for being in the upper 12.5 percentile of greatest concordance with the diet. Second, we reran model 2 after excluding BMI, and our findings were unchanged. Third, we examined the relation of every individual component in Table 1 with incident hypertension. Although many of those components showed some ageadjusted associations with hypertension incidence in the expected direction, after multivariate analysis, only dairy intake (inversely) and saturated fat (inversely-opposite expectation) were associated statistically (P trend Ͻ .05) significantly with hypertension incidence. The hazard ratios of incident hypertension across five ascending categories of DASH concordance were 1.0, 1.01, 0.96, 0.94, and 0.88 (P trend ϭ .008) for dairy and 1.0, 0.96, 0.93, 0.92, and 0.87 (P trend ϭ .006) for saturated fat. The adjusted hazard ratios of incident hypertension across ascending sodium intake quintiles were 1.0, 0.89, 1.04, 0.97, and 1.03 (P trend ϭ .42). In a final supplemental analysis, we added back for mortality analyses the women who reported hypertension at baseline in 1986. Results based CHD ϭ coronary heart disease; CVD ϭ cardiovascular disease. * HR1 is the hazard ratio per quintile of DASH score, relative to the first quintile, adjusted for age (continuous) and energy intake (continuous). HR2 is further adjusted for education (Ͻhigh school, high school, Ͼhigh school), BMI (continuous), waist/hip (continuous), smoking status (current, former, never) and pack-years (continuous), estrogen use (current, former, never), alcohol intake (0, Ͻ4, Ն4 g/d), physical activity (low, medium, high), and multivitamin use (yes, no, unknown).
† Follow-up was from 1986 through 1997 for hypertension and through 2002 for deaths.
on this larger number of women (n ϭ 33,082) were similar to those in Table 4 .
Discussion
Although randomized trials of 1 to 2 months' duration have shown that the DASH diet reduces BP in those with more than optimal BP levels, 4 -6 the 6-month PREMIER trial did not show a clear benefit of the DASH diet beyond other lifestyle interventions. 9 In this prospective study of women living in Iowa, greater concordance with DASH diet guidelines was associated with somewhat lower incidence of hypertension and mortality from coronary heart disease, stroke, or total CVD. However, these associations were eliminated after adjustment for other risk factors. To our knowledge, this is the first prospective population-based study of long-term hypertension incidence and cardiovascular mortality in relation to the degree of concordance with the DASH diet.
Three clear and potentially important differences between our study and the DASH diet clinical trials need mention. First, the 2-month DASH trial 4, 5 provided food, with high dietary compliance, and the 6-month PREMIER trial 9 promoted the DASH diet, with moderate compliance. In contrast, our observational study assessed how well women's usual diets agreed with DASH guidelines. Yet, even women in the highest 12.5% on the DASH score did not have reduced risk of study end points during the more than a decade of follow-up. Second, many of the IWHS participants studied would have had initially normal, not above-optimal, BP levels. It is likely that the long-term effect of the DASH diet differs by initial level of BP. 4, 5 Blood pressure was not measured in the IWHS. Third, the IWHS cohort was almost completely white, whereas the DASH trials over-represented African Americans.
In this cohort study, unlike in a randomized trial, dietary intake also was self-selected. We adjusted the association between diet and end points for many baseline characteristics, but residual confounding by unmeasured variables related to diet choice is likely. Nevertheless, such uncontrolled confounding probably would have yielded an inverse association between diet concordance and cardiovascular end points, rather than no association, because better DASH diet concordance tended to correlate with healthier lifestyles (Table 3) .
Diet was assessed in this cohort by a semiquantative food frequency questionnaire. Although the validity of this questionnaire has been documented, 12, 13 diet assessment is typically imprecise and energy intake is often underestimated. Under-reporting could affect the absolute DASH diet score and estimated concordance with it, but women's concordance level should have been ranked appropriately.
The DASH Diet Index developed for this study has limitations. The DASH diet guidelines were not easy to operationalize and assumptions were made in developing the scoring system. For example, although the number of food groups recommended for an individual following the DASH diet are based on daily calorie needs, the index was based on recommendations for one calorie level (2000-calorie plan). This approach was required because the daily calorie needs of participants in our study were not known. Although DASH scores generally corresponded with food and nutrient intakes in expected directions (Table 3) , sodium intake unexpectedly increased across DASH score categories. This finding suggests that in this population of older women, consumption of a diet that corresponds with most components of the DASH diet tended to be higher in sodium. Consequently, we could not evaluate the DASH diet fully, because the low-sodium component of the diet was not represented in the context of the other DASH diet components.
Random measurement error in DASH diet classification, or diet changes over time, likely would bias hazard ratios toward the null and thus could have obscured relations between DASH diet concordance and lower incident hypertension and cardiovascular mortality end points. Few women in this general population sample met a high level of concordance with DASH diet guidelines, but still with our large sample size statistical power was adequate to detect moderate associations between the concordance score and study end points. Because of the nature of our study population, our findings may not be generalizable to men or younger women.
When we examined individual components of the DASH diet, only greater intakes of dairy and saturated fat were statistically significantly associated with incident hypertension in multivariable models. Thus, on the whole, diet composition was not strongly related to hypertension occurrence in this cohort. However, the precision of a single food frequency questionnaire is low enough that some real but modest associations may have been missed.
Another shortcoming of our study was the reliance on self-reports for hypertension incidence. Previous evidence suggests hypertension reporting in this cohort is moderately accurate (see Methods section) and associated positively with BMI, waist/hip ratio, and physical inactivity, 18 but error in classifying hypertension could have masked a real association between the degree of DASH diet concordance and hypertension. Reliance on mortality for coronary heart disease, stroke, and total CVD end points is only a modest shortcoming, as associations of risk factors with CVD tend to be similar for mortality and incidence.
In summary, this report shows little evidence that greater concordance with DASH diet guidelines had an independent long-term impact on incidence of hypertension or mortality from CVD in a nonhypertensive sample of older women. It may be true that the DASH diet really does not offer long-term cardiovascular benefit. However, unlike the trials, 4, 5, 7 few IWHS women achieved high concordance. Therefore, alternatively, it may be that very high concordance is necessary to achieve the benefits of the
